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Recently, the CoGeNT collaboration reported the WIMP candidate signal events exceeding the 
known backgrounds where the light WIMP with large cross section is supported. Motivated by 
this issue, we analyze a light neutralino dark matter scenario with a very light CP-even Higgs 
mediation in the elastic scattering process, which provides the mass and direct detection cross 
section to explain the CoGeNT result. To be compatible with the result of other experiments such 
as LEP and B-factories, the light CP-even Higgs is favored to be in 9 to 10 GeV. Such a scenario 
can be realized in the "Beyond the MSSM" context. The relic abundance consistent with the 
WMAP result can be obtained when twice of neutralino mass is close to the light Higgs mass via 
the resonance enhancement of the annihilation cross section. As a result, the neutralino mass is 
predicted to be at around 5 to 6 GeV. 
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1. Introduction 

Various candidates of CDM explaining the observed relic abundance Q.h 2 ~ 0.1 has been pro- 
posed. Among them, the most promising one is Weakly Interacting Massive Particle (WIMP) such 
as the lightest supersymmetric particle (LSP) in the supersymmetric models with R-parity and the 
SM gauge singlet particles in Higgs portal models WIMPs are produced at the early stage of 
our universe and their current relic abundance is naturally determined when their interactions to the 
SM particles freeze out 

Recently, the Coherent Germanium Neutrino Technology (CoGeNT) experiment reported that 
about a hundred events [J3j] exceeding the expected background are observed after their eight week 
operation, which possibly originated from the nuclear recoil by DM scattering. Due to its enhanced 
sensitivity to low energy events, the ionization signal observed in the CoGeNT detector is as low 
as 0.4 — 3.2 keVee. The discovery region, hence, supports the existence of light DM whose mass 
is m x < 10 GeV and the spin independent WIMP-nucleon elastic scattering cross section Gsi is 
as high as ~ 10~ 40 cm 2 . The light WIMP with large cross section is also favored in the recent 
DAMA/LIBRA annual modulation signal PJ|. Considering the channeling effect the result 
allows sizable parameter space compatible with other null experiments. There have been several 
proposals to explain this, such as light SM gauge singlet fermion [Q]. Therefore, it is very interest- 
ing to propose a plausible light WIMP scenario 1 . 

There have been researches to reconcile the CoGeNT report on WIMP signals with other null 
experiments constraining the detection bound and the previous DAM A result [||, ^, [R]]. In this 
proceeding, we briefly summarize the analysis of the light neutralino in light Higgs scenario [|10|]. 
We focus on the realization of light neutralino of mass 4 — 7 GeV, which is not so much constrained 



by recent analysis of XENON100 [11] and XENON10 [12]. 



2. Light neutralino 

In order to have a large scattering cross section of the neutralino off the target nuclei in a super- 
symmetric SM, either large value of tan/3 or a very light CP-even Higgs boson mediator is needed 
in the process of elastic scattering of the neutralino off the target nuclei. Such scenarios cannot be 
easily realized in the context of the MSSM since they are highly constrained by other experiments 
such as the LEP, Tevatron, and rare decays. Especially, it is not easy to obtain the Osi as high as 
~ 10~ 40 cm 2 with conventional halo parameters. Therefore, the "Beyond the MSSM" (BMSSM) 
considerations are required here. Without considering additional light degrees of freedom, the light 
Higgs scenario is natural to be analyzed. (Scenarios with light degrees of freedom are explained in 



Q13J] with the NMSSM context and in [|6(] with the SM gauge singlet Dirac fermion. The latter can 



be also obtained by slightly changing the NMSSM potential with singlet quadratic terms.) 

2.1 Light neutralino in the heavy Higgs scenario 

In the regime of very large tan/3 with mn not much larger than m/„ neutralino-nucleon scatter- 



1 It must be noted that there is a negative research such that the channeling fraction of recoiling lattice nuclei in Nal 
is quite suppressed to provide its meaningful effect 1^. 
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ing process is dominated by the heavy CP-even Higgs mediated contribution so that we obtain 

,^40 2 fNnV Aan/3\ 2 /100GeV\ 4 

for m z ~ 7 GeV where the subdominant down quark and one-loop induced bottom quark contribu- 
tions are also considered. Therefore, we need very large tan/3 > 100 for m H = 100 GeV to explain 
the CoGeNT result. In the regime of such large tan/3, however, the branching ratio of B s — > jU + /i~ 
severely constrains the parameter set. In addition, combining the the upper limit on the neutral 
Higgs bosons — > T + T~ in the Tevatron and the observations of the rare decays B — > TV with the 
ratio of B — > Dxv/B — > Dlv in the B factories, we obtain the constraints on the elastic scattering 
Csi < 5 x 10~ 42 cm 2 , which is much lower than 10~ 40 cm 2 to explain the CoGeNT result [[TJ, [TJ]. 
In the heavy H scenario, it is hence very hard to construct viable models which support the light 
WIMP of mass 4 — 7 GeV with the spin independent elastic cross section Osi ~ 10~ 40 cm 2 . In 



order to reduce low energy constraints, we need to invoke "wrong-Higgs" interactions Jig]. 

2.2 Light neutralino in the light Higgs scenario 

Instead of the heavy CP-even Higgs mediation scenario for very large tan/3, we consider the 
case that the light CP-even Higgs mediated contribution dominates the elastic scattering with mod- 
erate tan/3 ~ 3. The light Higgs mediation can be more important than that of heavy Higgs if 
m/, <C ntH- In such a case, light Higgs mass is very small to have large cross section for CTsi so 
that constraints from LEP experiments and rare decays of mesons must be considered. 

If 10 GeV< nth < 20 GeV, two kinds of Higgs search at the LEP experiments must be under 
consideration. One is the Higgsstrahlung process, e + e~ — > Z* — > hZ, and the other is the associative 
production, e + e~ — > Z* — > hA. For convenience, we define the following quantities 

Rhz = , t _^ 7 *^ 7 ,x = sin (o-P)i (2-2) 

G(e + e — > Z* — > Z/jJsM 

_ a(e+e- ^ Z* hA) MS SM&(h^bb)@(A^bb) 

= a{e+e -^ Z *^hA) ref (2 " 3) 

= cos 2 (a - /3) m(h^bb)m \A -+bb), 

where o(e + e~ — > Z* — > M) re f is a reference value assuming that Z — h—A coupling constant 
is equal to that of the SM Z — Z — h coupling, i.e., gzhA = gzzh- The value of a is the Higgs 
mixing angle. In order to satisfy the negative results of scalar searches at the LEP experiments, 
Rhz < 0.01 is required for the Higgsstrahlung process and R^a ^ 0.2 for the associative production 
when m h ~ 20 GeV, m A ~ 90 GeV [0. 

In the case that sin 2 (a — /3) < 0.01, we can evade the constraint from the Higgsstrahlung 
process. However, avoiding the associative production constraint is not trivial since cos ( a — /3 ) ~ 1 . 
The light neutralino with m x < ra/,/2 can be a solution in this case. Since the light Higgs can decay 
to the neutralinos, the branching ratio of Higgs decay to neutralinos is comparable to or larger 
than that of Higgs decay to Z?-quark pair for low tan/3 < 3 Consequently, we have reliable 
parameter space by constraining m/, > 2m x when 10 GeV < m/, < 20 GeV. It is, however, not the 
end of the story and this region will be discussed again in the next section. 
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If nth < 10 GeV, light Higgs cannot decay to Z?-quark pair but can decay to T-leptons. In 
this case, the constraint from the associative production is practically not relevant because Higgs 
constraints from 2b2r final state is much weaker than those from 4b final state Jl7|]. On the other 
hand, the constraint from radiative T decay, T — > hy is on rise as well as Higgsstrahlung constraint 
sin (a — /3) m 0. Very light scalar particles can contribute the radiative decay of T-meson JI^]. 
Taking the strongest bound, — > hy) < 10~ 5 [2C, 21], we obtain a conservative bound 



m\ > m\ 



0.894-0.0150 



tan/3 



(2.4) 



Hence, we obtain m% > 8.9 GeV for tan/3 = 3 to evade the radiative T decay constraints. 

Under such considerations, neutralino-nucleon scattering cross section is obtained in the case 
of sin 2 (a — /3) < 0.01, i.e., a ~ /3, such that 



a ~ 4.7 x 10~ 40 cm 2 x 



N n \ Z ftanp\ 2 /lOGeV\ 4 



■ 



(2.5) 



0.3 J \ 3 J \ nif, 

for tan/3 ~ ^(1), as we have expected. Such a light Higgs scenario is not obtained in ordinary 
MSSM parameter space. Instead, we consider BMSSM [22, 23, 24] where light Higgs scenarios 
can be realized [24]. The SU (2) doublet CP-even Higgs mass matrix in the basis of (H®,H®) is 



M 2 c\+m 2 A s\ 



-(M : 



4v 2 £i5 2j3 +4v 2 £ 2 ^ -{Ml + m 2 A )spcp -4v 2 e x 
ipcp -4v 2 £i M%s 2 p +m 2 cj -4v 2 eis 2p +4v 2 £ 2 c^ 



(2.6) 



where Mz is the mass of Z boson, rtiA is the mass of the CP-odd Higgs, sp(cp) is sin/3(cos/3), and 



£i 5 2 are BMSSM parameters defined by [22]. Here, 6i % are assumed to be real for simplicity. 



The physical CP-even Higgs bosons are obtained as the mass eigenstates of (2.6), 



cos a sin a 
— sin a cos a 




(2.7) 



where < m# and — 7l/2 < a < 7t/2 in contrast to the MSSM case. In the MSSM case where 
£1,2 = and tan /3 < 5, ma cannot be larger than Mz since h must be light enough to obtain the large 



direct detection cross section such as (2.5). If m\ <^ Mz, light Higgs h is mostly down-type and 
a ~ 71 / 2 so that the constraint from the Higgsstrahlung process Z* — > hZ can be evaded. But the 
associative production e + e~ — > hA still constrains such a case. As previously discussed, it seems 
possible to avoid this constraint if Higgs bosons decay to neutralinos, however, there still remain 
other obstacles. If m/, + ma < Mz, the invisible decay width of Z-boson must be considered, hence, 
such parameter region cannot be viable. On the other hand, if tua < Mz, Higgs mixing is maximized 
so that m/, <C Mz and ra# is larger than LEP search bound 1 14 GeV. In this case, however, the 
Higgsstrahlung constraint for light Higgs can not be avoided since a ~ —%j4. Therefore, it seems 
that very light CP-even Higgs scenario is not realized in the MSSM context. 

Considering the BMSSM, instead, the analysis on CP-even Higgs mass is quite different due to 



the existence of non-zero 6^2 • Observing mass matrix (2.6), the negative £2 correction effectively 
reduces m\ in the MSSM to m 2 A +4v 2 £2 so that very light h scenario can be realized without 
introducing light CP-odd Higgs. In addition, negative £1 correction can reduce the off-diagonal 
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Figure 1: Numerical results of neutralino-nucleon scattering cross section in E\ — £2 plane. Solid(red) curves 
stand for scattering cross section, <J = 10~ 40 -10~ 42 cm 2 for left panel and a = 10 39 -10 — 42 cm 2 for right 
panel from the bottom to the top. Dashed(black) curves stand for light Higgs mass, = 5-25 GeV from the 
bottom to the top. Dot-dashed(blue) lines stand for sin 2 (a — J3) = 0.01, the region between the lines is safe 
from the Higgsstrahlung constraint. Neutralino mass is 4 GeV< m x < 7 GeV depending on parameters. 



Higgs mixing. Moreover, when 4v | £1 1 > (M| + nv\ )sp cp , we achieve a < 71 /2 so that the condition 
sin 2 (j6 — a) < 0.01 is satisfied. Therefore, it seems plausible to obtain a light CP-even Higgs 
scenario in the context of BMSSM. 2 



3. Numerical results in BMSSM parameter space 



In the BMSSM, the £1 correction is also included in the neutralino sector [E2L 25]. The cou 



pling g(j> xx is modified by £1 term such that [25] 

2£ 

Sghxx = (vA/2cosj8cosa(A^i 4 ) 2 + vv / 2sinj3sina(A''i3) 2 

M 

+2V2vsm(a + p)N l3 N u ), (3.1) 

2.£ 1 1 

8 8A XX = [ iv ~r sin2j8(^i 4 ) 2 + iv-= sin2/3(M 3 ) 2 + i2V2vN 13 N u ) , (3.2) 

H V2 v2 

where pL is the Higgsino mass parameter in the MSSM superpotential. Since the BMSSM correc- 
tions are much smaller than the MSSM ones, these corrections do not spoil the aforementioned ad- 
vantages. Numerical results are given in Fig. [j] From the figures, —0.10 < E\ < —0.06, £2 ~ —0. 1 1 
for tan/3 = 3 and —0.06 < £1 < —0.03, £2 ~ —0.08 for tan /3 = 5 give the desired scattering cross 
section for CoGeNT results, simultaneously satisfying the LEP Higgsstrahlung constraint. 

In the case of m/, > 10 GeV, however, this parameter space is not allowed due to the large 
value of Rf,A ~ 0.3 > 0.2. We, hence, need lower value of tan/3 since the branching ratio of h to %% 
becomes larger for smaller tan/3. Comparing the Fig. [T](a) and Fig. [j](b) , however, larger values 
of I £12 1 are needed to obtain the light Higgs spectrum for smaller tan/3. Then, we need much fine 



"The issue on the stability of the BMSSM Higgs potential will be discussed in the revised version of 11C 
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Figure 2: £2/i 2 to m x with fixed tan/3 = 3 and N13 — 0.3 values. The allowed mass of the light CP-even 
Higgs is 9 GeV < m/, < 10 GeV. The magenta, blue, green lines denote the case w/, = 9 GeV, 9.5 GeV, 10 
GeV respectively. The red region denotes the observed relic abundance. 

tuning to obtain such light Higgs so that it is more natural to consider only the case ra/j < 10 GeV. 
Consequently, the light Higgs scenario to explain the light neutralino of 4 GeV < m x < 7 GeV and 
Osi ~ 10~ 40 cm 2 is most naturally realized when sin 2 (a — /3) < 0.01 and 9 GeV< m/, < 10 GeV 

4. Relic Abundance 

Since the neutralino is very light, m x < 7 GeV, they annihilate only to light fermions at the 
freeze-out. In addition, the neutralino is much lighter than the CP-odd Higgs A, squarks, and Z- 
boson so that the dominant annihilation process is mediated by the CP-even Higgs h which is a 
P-wave process. Furthermore, small tan j3 ~ 3 constrains the interaction of h to the SM fermions. 
Therefore, one might worry that the neutralino will overdose the universe. There is one way out, 
however. Since the mass of the light CP-even Higgs is highly constrained, 9 GeV < m/, < 10 GeV, 
the resonant annihilation of the light WIMPs to the SM fermions through the ^-channel process can 
dominate the annihilation process and reduce the relic abundance at the freeze-out. 

We show the role of resonant annihilation to obtain the observed relic density in Fig.|2| It is 
clear that the expected relic abundance decreases around the resonance region so that the mass of 
the light neutralino is determined within 5 GeV< m x < 6 GeV The physically consistent range of 
m x is similar for other possible parameter choice since the right relic abundance will be obtained 
within the the resonant annihilation process. 

5. Conclusions 

The light WIMPs with large cross section are focussed on due to the recent results of direct 
detection experiments such as CoGeNT and DAMA. We showed that such a light neutralino can 
be obtained from the light CP-even Higgs scenario. In the context of the MSSM, however, the 
existence of such a light Higgs is highly constrained by the LEP experiments. Instead, we looked 
for a possibility of explaining Osi ~ 10~ 40 cm 2 , m x ~ 4 to 7 GeV dark matter within the framework 
of the BMSSM (MSSM field contents at and below the weak scale) and found that m h ~ 9 to 10 



6 



Light neutralino dark matter in light Higgs scenario 



Seodong Shin 



GeV can provide the required Osi- If we require the model to explain the right relic abundance, m x 
is predicted to be in between 5 to 6 GeV depending on the light CP even Higgs mass 9 to 10 GeV. 
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